A Renewable Energy Undergraduate Course Underlining the Analysis of Collected Solar Radiation

1-INTRODUCTION
The growth of generating electricity through solar radiation has increased steadily over the last ten years [1] . At the same time, the cost of solar electricity has decreased steadily [2] . In the 2016 State of the Union address, President Obama mentioned that "on rooftops from Arizona to New York, solar is saving Americans tens of millions of dollars a year on their energy bills, and employs more Americans than coal --in jobs that pay better than average" [3] . These trends support an optimistic view of the future of the solar industry for the years to come.
The first step to an engineering design of a solar facility is to obtain information regarding the solar radiation available at the site of installation under study. Several sources of information are available, such as NREL's PVWatts Calculator, NREL's solar maps, and NREL's Measurement and Instrumentation Data Center.
The first data requirement is the solar energy density, expressed in kWh/m 2 , and collected over some time period, from a month to a year. This information plus the cost of electricity, and the cost of the solar installation are necessary for the engineering design of a solar facility. From NREL's MIDC database, the solar irradiations, in Watts/m 2 , can be obtained minute by minute, for every day of the year. The data is more complete, and allows the analysis of the solar resource, which determines variability, clearness, and energy density.
2-RELEVANCE OF DESCRIBED EFFORTS
The focus of the Renewable Energy course imparted at this University is solar energy. In this course the authors wished to remark the importance of evaluating the local solar resource. Towards this end, a string of seven learning activities were developed, starting with three preparatory exercises. The learning objectives of the following four exercises are to train the students to use the data of NREL's Measurement and Instrumentation Data Center
The UTRGV campus has considerable infrastructure to conduct enhanced learning and research in the fields of solar energy assessment and photovoltaic electricity generation. Furthermore, some of these experiences can be emulated by other engineering schools at low cost.
3-USE of PEDAGOGICAL THEORY
The authors believe in the model of hands-on laboratories and computer simulation as the best suited method to attain the educational objectives and outcomes. Traditional pedagogical methods in engineering often favor lecture based teaching but the authors believe in the model of hands-on laboratories and computer simulation as the best suited method to attain the educational objectives and outcomes. This thinking and practice is supported by research that has focused on a hands-on, active learning approach to teaching engineering concepts [4, 5] . Active learning has long been believed to be an ideal form of instruction compared to a more passive approach to teaching particularly in fields such as education and the humanities but in science, technology, engineering and mathematics (STEM) related fields, lecture based instruction remains the predominant form of instruction. Recent research on active learning in STEM fields perhaps presents a shift in pedagogy (Freeman, et. al. 2014) . Building on this work, the authors have identified active learning as the preferred form of instruction, in undertaking their research.
4-EDUCATIONAL OBJECTIVES and OUTCOMES
The following general and specific student outcomes come from UTRGV's Electrical Engineering Department.
General Educational Outcomes-it will be demonstrated that the student:
1-is able to use knowledge of mathematics, basic sciences and engineering to analyze (identify, formulate and solve) problems in electrical engineering 5-is able to communicate ideas effectively in graphical, oral and in written media.
Specific Educational Objectives-students graduating from the EE program should demonstrate: 1-(D)-an ability to create and use software both as an analysis and design tool, and as part of systems containing hardware and software 2-(d3)-familiarity with at least one high level programming language, one assembly language, and one mathematical software package.
To support the desired student outcomes, the following activities were developed for the course and to be completed by each student:
1-Activity at the sundial. Activity # 2: Clear sky insolation calculator. Following [6] , participants created a calculator for direct, diffuse and reflected radiation, using a spreadsheet. The exercise was done for different locations, hour of day, and panel's tilt and orientation.
Activity # 3: Determination of Solar Panels Efficiency. Endowed with an inexpensive pyranometer, participants measured the global irradiance in the plane of the array of a campus photovoltaic array. Given the solar array's power generated at the time of the measurement, the efficiency of energy conversion was determined. The impairing influence of dirt over the panel's surface was assessed.
Activity # 4-Download and read data from NREL's MIDC Center. Twelve solar stations grouped by MIDC [7] were selected and assigned to 23 students for analysis. These stations are distributed in 5 time zones within USA and are equipped with different types of radiometers. Figure 1 for an example of a measured and calculated GH Irradiance from a MIDC Solar station. This way, students learned about the variable characteristics of solar radiation, distinguished the effects of clear and overcast days, and observed the positions of dawn and dusk in the graph.
. Figure 1 -Example of a measured and calculated GH Irradiance from a MIDC Solar station. Activity # 6: Processing daily Direct Normal Irradiance data. This activity is follows a procedure similar to activity # 5, but applied to direct normal irradiance csv files. The outcomes of this activity allow the students to identify the particular shape of the DN irradiance graphs when compared to the GH irradiance graph. As the MATLab program calculates the daily irradiance [kWh/m²] for activities # 5, # 6, participants learn to assess the differences of direct, global and diffuse radiation at the particular station. Table 1 includes two important learning outcomes for the classification of solar days according to its clarity and variability. The Clearness Index is a measure of how clear is the sky during a given period; when the solar resource is available to its full at the ground level the Clearness Index would ideally have a value CI = 1. It is also possible that CI > 1.0, during those periods when the presence of clouds act as concentrators of solar rays. On the other hand, when clouds may be casting shadow over the area of interest, the solar resource for photovoltaic power generation is poor, and CI would be low. If the sun light is fully blocked, then CI = 0.
To obtain the Clearness and Variability Indexes, two pieces of information are needed:
1. The set of measurements of the local Global Horizontal Irradiance GHIMEAS [k] 
Given CI, Equation (1) This variability index is a measure of the variability of solar radiation, which is primarily caused by two factors: the motion of the sun in the sky, and the presence of clouds, which are also moving and changing, during the day. Solar Resource Variability is explained in References [6, 20] . Variability accounts for the "noise" of the solar radiation graphs, shown in Figure 1 . This phenomenon is worrisome to (electric power) system operators. A stand-alone solar farm can be knocked out quickly without advanced notice.
In Reference [20] several criteria for detecting clear sky periods are discussed. The criterion selected to be used here measures variability by calculating the vertical displacement between adjacent points of the GHI time series:
Here, the strength of the spikes are large contributors, while smooth variations are low contributors. The VI formula is
In (2) the units for VI are null. 
6-ASSESSMENT
During the course of ELEE 4373 Renewable Energy questionnaires were handed out to determine whether participants had increases their levels of knowledge, interest and confidence in learning engineering.
The following questions were posed in all Activities. Their responses are summarized in Table 4 . Table 4 -Students' response to selected questions Participants were able to write their response using a normal Likert scale, from Strongly Agree = 2, to Strongly Disagree = -2, with Neither Agree nor Disagree receiving a value of zero.
The questionnaires also included questions regarding the activity. Notice from Figure 5 , that the resulting mean for most questions has a value greater than 1, resulting from an answer of Agree or Strongly Agree. 
Activity
5
The amount of tedious work to do to get the files working (2). Nothing (3). Very time consuming
6
Too much time fixing Excel spreadsheets. I prefer to spend more time learning about the topic with problems from book or other problems. Nothing (3)
7
The collection of data took much time when making conclusions from solar. Not being able to physically go to data site. Nothing (3) 
7-CONCLUSIONS
The students' responses indicate the most had a positive experience from the class environment using hands-on activities to learn about renewable energy and how to use engineering in designing a solar facility. The class is exposing students to renewable energy, and the analysis of collected solar radiation.
In § 4 of this paper, Educational Objectives and Outcomes, two general educational outcomes and two specific educational objectives were outlined. After taking this course, the authors assert that students complied with them.
All activities in Table 5 were designed with a relevant content of math, basic science, and engineering to solve problems in renewable energy field. Table 6 shows that students did write Excel and Matlab code for completing the analysis called for in activities # 2, 4, 5, 6, and 7. Furthermore, for activities # 5, 6, and 7, students practiced the communication of ideas effectively in graphical, oral and written media, as also seen in Table 6 . 
